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Organic light-emitting diodes (OLEDs) have come to the forefront of electronic applications due to their superior light output, colour purity and low toxicity. 1, 2 Moreover, precise design of OLED materials has yielded compounds with internal quantum efficiency (IQE) of 100% without the use of expensive inorganic phosphor materials. 3, 4 In many cases this has been achieved using materials capable of thermally-activated delayed fluorescence (TADF), [5] [6] [7] [8] where fast reverse intersystem crossing (rISC) is capable of harvesting 100% of triplets back to emissive singlets. 9, 10 With an abundance of OLED emitting materials exploiting TADF, a more comprehensive understanding of its mechanism is required to further knowledge of how OLED efficiency can be improved in the future.
As well as optimising the emitter for 100% efficient charge to light conversion, extracting light from a device is also a critical aspect of attaining an overall efficient OLED. 2 The process by which emission is trapped stems from how light from the emitting layer passes through further device barriers/layers of differing refractive indexes, creating total internal reflection and waveguiding within the different layers. With this in mind, the ratio of light generated internally to that which escapes the device, defines the outcoupling parameter.
Although outcoupling is often an overlooked parameter within device fabrication research, the term is of paramount importance when describing external quantum efficiency (EQE), arguably the most important parameter when determining OLED efficiency. With the fraction of light extracted limited to an estimated 20-30%, outcoupling therefore limits the EQE of a device to discouraging values. 2, [11] [12] [13] The estimation of outcoupling efficiency in normal devices is based upon the assumption that within the device structure, the emitting layer contains molecules that are deposited in non-uniform orientations, creating random or isotropic emission. However research has shown that orientated emitters reduce coupling to surface plasmon modes within the interfaces of the device, increasing light extracted. [14] [15] [16] With this knowledge in mind, there have been some investigations of molecular alignment of OLED phosphorecent [16] [17] [18] [19] [20] [21] [22] [23] and TADF 14, 24 emitters within films, using predominantly angulardependent photoluminescence techniques in order to map the average angle of the transition dipole moment (TDM), which is fit to computational simulations. These comprehensive works, pioneered by Brütting, have shown that in some cases spontaneous horizontal molecular alignment occurs during vacuum deposition 23 therefore an investigation via artificial molecular alignment would prove an ideal model for studying light emission within a device structure.
Here we present an alternate technique to obtain the physical orientation of the TDM within a film; fluorescence polarisation spectroscopy. Using this experimental method, the relative angles between ground and excited state dipole moments can be determined, in order to map molecular anisotropy within three known TADF materials (Scheme 1). The results show that within mechanically stretched films, small organic emitters do align to give anisotropic emission and the absolute alignments of TDMs can be used to design better OLED emitting materials that can be deposited with enhancement of outcoupling in mind. It is therefore anticipated that comprehension of the TDM within TADF materials will help improve methods to increase outcoupling and assist quantum chemists in obtaining better models of molecular excited state properties.
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Within stretch orientated films, alignment of the absorption dipole moment with the z-axis incident light polarisation, removes the probability of photoselection observed within isotropic materials and subsequently the 2/5 parameter from the equation. This factor however remains, due to the low symmetry of the molecules, as only in highly symmetrical molecules can ‫ݏܿ‬ ଶ ߠ theoretically be 1.
27
The three molecules studied, 2,8-DPTZ-DBTO 2 , 3,7-DPTZ-DBTO 2 and 2-PTZ-DBTO 2 , were chosen for their documented TADF properties and strong charger-transfer (CT) character, (all of which are published by our group in the literature), 9, 28, 29 and similar structure (Scheme 1).
This structural similarity was chosen so that all changes in anisotropy could be attributed to molecular alignment and subunit conformation, rather than dipole changes due to a change in molecular structure. Absorbance of each compound in polyethylene (PE) film reproduces literature results ( Figure S1 ), with the spectra showing a characteristic absorption band in the blue (abs max~3 40 nm), indicative of phenothiazine absorption, and a characteristic red shifted 'tail', previously identified as direct CT absorption. 28 This indicates that the structural integrity of the compounds is preserved even after heating and casting within the PE film.
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